14 2 Graphic Abstract 15 16 HIGHLIGHTS 17 1. High bacterial concentration and diverse bacterial community in submicron particles 18 (PM0.18-0.32, PM0.32-0.56, and PM0.56-1) during haze episodes were observed. 19 2. The bacterial community varied significantly via different size fractions.
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CCYCAATTCMTTTRAGTTT-3') (Gallagher et al., 2013) . PCR amplification was 142 performed on an ABI GeneAmp ® PCR system 9700 (Applied Biosystems, 101 Foster City, 143 CA) using a 20 µL reaction mixture contained 4 µL 5×FastPfu buffer, 2 µL 2.5 mM dNTPs, 144 0.8 µL 5 µM forward primer, 0.8 µL 5 µM reverse primer, 0.4 µL Fastfu polymerase, 10 ng 145 template DNA, and 11 µL double distilled H2O. PCR was performed at 95 °C for 3 min; 27 146 cycles of 95 °C for 10 s, 55 °C for 30 s and 72 °C for 45 s; 72 °C for 10 min; and hold at 147 10 °C. The final products were separated by 1% agarose gel electrophoresis and purified 148 using an Axygen nucleic acid purification Kit (Axygen, Biosciences, CA, USA). The purified 149 PCR products were prepared for sequencing on the Miseq TM platform (Illumina, San Diego, 150 CA, USA). The nucleotide sequences were deposited in the Sequence Read Archive (SRA) 151 under the accession number SRA385099. Foster City, CA) as follows: 50 °C for 2 min; 95 °C for 15 min; 40 cycles of 95 °C for 15 s; 159 and 60 °C for 1 min. The deionized water was employed as the negative controls in this work 160 and was pipetted into the wells in a 96-well microplate with the DNA extracted from the 161 samples. All the samples were tested in triplicate and cycle thresholds worked by ABI 7500 162 software (Applied Biosystems). Based on the average rRNA gene copy number (3.98), the 163 bacterial cell concentration (cells·m -3 ) was calculated using the method described by Doorn 2.4. High-throughput Sequence Analysis. 166 After sequencing, the primers and barcodes were trimmed from the end of the raw sequences, 167 and low-quality reads (length less than 200 bp and average quality score less than 20) were 168 removed using FASTX-ToolKit. The sequences that passed quality control were processed 169 using QIIME (version 1.17 addition to these pathogens, we also determined functional gene distribution in the airborne 251 bacterial community in this study. The COGs were considered to be related to four functional 252 groups and twenty-five function descriptions ( Figure 6 ). Almost 80% of multi-copied genes 253 with known functions were assigned with COG codes; for example, 9.3% of the genes were 254 assigned a COG code of 'E', which represents amino acid transport and metabolism, and 7.1% 255 of the genes were found to be functionally involved in carbohydrate transport and metabolism.
256
Other codes such as K (transcription), J (translation, ribosomal structure and biogenesis), P 257 (inorganic ion transport and metabolism), M (cell wall/membrane/envelope biogenesis), and 258 C (energy production and conversion) also occupied a large proportion of the multi-copied 259 genes (more than 5%). In addition, some of the genes detected in the airborne particulate 260 13 matter were poorly characterized with unknown function. 261
Discussion

262
Air pollution has been studied extensively by aerosol chemistry and physics. However the 263 correlation between haze episodes and bacterial community has not been fully understood.
264
The high concentration of airborne pollutants in haze episodes may provide nutrients (sulfur, 265 nitrogen, and ammonia) and thus affect the bacterial community structure in submicron 266 particles. For example, SO4 2has a distinct ability to influence the existence and growth of 267 microbes and thus affect on their relative abundance (Scherer et al., 1981) . Ca 2+ is recognized 268 to be associated with cellular processes such as the cell cycle and cell division in bacteria and 269 can affect protein stability, enzymatic activity, and signal transduction, thus controlling 270 protein functions (Michiels et al., 2002) . Cl -, employed in chemical agents, is related to water 271 disinfection processes and thus causes bacterial stress injury. The high concentration of K + 272 and Na + may disturb the structure and function of bacteria and then cause the death of bacteria.
273
Previous studies have also showed that certain bacteria were related to atmospheric dynamics.
274
For example, Pseudomonas species were likely to be involved in atmospheric processes such 275 as desulfuration and denitration (Robinson et al., 2012) . Bacillus species could participate in 276 the nitrogen and carbon cycling in ecosystems (Ulrich et al., 2008) . Therefore, under 277 conditions of severe air pollution, the increased concentrations of ambient pollutants in 278 submicron particles could be associated with the variation in bacterial concentration and 279 community structure.
280
In the present study, the bacterial concentration in submicron particles were much higher 
297
(2015) believed that 71.5% of the microbes existed in the coarse particles (>2.1 μm) and 298 confirmed a distinct unimodal distribution with one peak at 2.1-3.2 µm during the heating 299 period in winter, which may be caused by a combined effect of coal combustion, higher PM, 300 and dust from the ground. Undoubtedly, in this study, all the samples were collected during 301 the heating seasons in Ji'nan; therefore, we hypothesized that the single peak observed at 302 0.32-0.56 µm may have been due to the same reason and the additional emission caused by 303 the fireworks. However, it is not clear whether airborne bacterial concentration varied with 304 changes in environmental factors. Previous study showed that PM2.5 and visibility showed a 305 positive and negative correlation with airborne bacterial concentration during haze episodes 306 (Li et al., 2015; Alghamdi et al.,2014; Gao et al.,2016) . Goffau et al. (2009) reported that thermophiles, which has the ability to reduce the risks of antibiotic-associated diarrhea 360 and lung cancer in mice, was also detected and showed an average abundance of 0.7% 361 (Beniwal et al., 2003) . In addition, bacteria with the aforementioned functions during the 362 haze episodes may have an important role in the degradation of high concentrations of 363 pollutants. For example, some species belonging to the Streptococcus genus have been shown 364 to be able to degrade organic acids (Amato et al., 2007) ; certain strains of Sphingomonas can 365 degrade organic matter such as polynuclear aromatic hydrocarbons (Ye et al., 1995) . Bacillus 366 badius (0.5%), a well-known alkaliphilic bacterium, can degrade organic matter such as 367 aniline and anthracene (Ahmed et al., 2012) .
368
The impact of airborne bacterial communities on bio-ecosystems and human health needs to 369 be investigated in future studies using bacterial cultures and metagenomics analysis. 
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The diverse bacteria and pathogens in submicron particles during haze episodes was 400 observed for the first time by the high-throughput sequencing, yet no significant difference 401 for the dominant bacterial genus between haze and non-haze days were observed. The results 402 also indicate that the most abundant genera show highly similarity across three size 403 fraction, while bacteria with low abundance show a significant difference such as 404 Acetobacter and Fastidiosipila. We also acknowledge that the ambient bacteria mainly 405 originated from soils, leaf surfaces, and feces. This knowledge helps for the comprehensive 406 understanding of bacterial community biodiversity in submicron particles particularly those 407 potential pathogens during haze episodes. 
